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Abstract. Wheat lodging is a serious problem in cereal production in many areas. 
Grain yield reductions almost always accompany lodging, with the magnitude of loss dependent 
on the cultivar, growth stage and severity of lodging. The synthetic plant growth regulators 
(PGRs) such as chlormequat chloride (CC),  trinexepac-ethyl (TE)  can prevent lodging by 
reducing stem elongation and improving mechanical strength of the stem. A field experiment 
was conducted during the 2018-2019 growing season at the experimental field of the 
Agricultural Research and Development Station, located at Turda, to evaluate the effect of TE 
and CC on winter wheat morpho-physiological traits such as plant height, LAI, numbers of 
spikes m-2, lodging and grain yield of three winter wheat genotypes that are tall and with a high 
lodging susceptibility Arieşan, Apullum and Bezostaia, tested at different rates of applied 
nitrogen fertilizer in combination with foliar treatment with trinexapac-ethyl and chlorocholine 
chloride sprayed over the foliage. The influence of the TE treatment and CC treatment on the 
morpho-physiological traits studied in this experience was not the same for all the genotypes. 
Both PGR decreased plant height, more TE treatment than CC treatment. CC treatment 
influenced more than TE the increase of LAI and number of spikes m-2, witch leaded to the 
increase of grain yield where CC treatment was applied.  
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Lodging in cereals refers to the displacement of culms from an upright 
position. Lodging derives either from roots, resulting in plants flattening at ground 
level, or from stems, where culms usually bend or break at basal internodes. Grain 
yield reductions almost always accompany lodging, with the magnitude of loss 
dependent on the cultivar, growth stage and severity of lodging. Lodging can reduce 
profitability through reduced grain yield, delayed harvest, increased drying costs and/or 
reduced grain quality (Kelbert et al. 2004). 
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Wheat lodging is a serious problem in cereal production in many areas. The 
synthetic plant growth regulators (PGRs) such as chlormequat chloride (CC), etephone, 
trinexepac-ethyl (TE) and prohexadione-calcium can prevent lodging by reducing stem 
elongation and improving mechanical strength of the stem (Stachecki et al., 2004). 
High rates of applied nitrogen fertilizer and high precipitation favor stem elongation 
and increase risk of cereal lodging. PGRs are widely used for lodging control in winter 
wheat grown at high N rates (Shekoofa and Emam, 2008; Auskalniene et al., 2008).  
The influence of N on grain yield and quality of winter wheat is well known. 
High yield of good quality is based on the used agro-technical measures and one of the 
most important agro-technical measures is optimal nutrient provision. Nitrogen is a 
nutrient of high importance for plant growth, development, and grain quality assurance 
(Litke et al, 2017). Results of several field experiments showed that in winter wheat the 
number of spikes per unit area generally increases as the N rate increases (Shekoofa 
and Emam, 2008), N application increased grain yield of wheat because  number of 
fertile tiller per unit area, number of grain per spike, and harvest index were 
significantly increased by increasing N fertilization levels (Mandic et al., 2015; 
Muntean et al., 2014). 
Plant growth retardants are applied in agronomic and horticultural crops to 
reduce unwanted longitudinal shoot growth without lowering plant productivity 
(Matysiak, 2006; Gâdea, 2013). 
Growth retardants act as chemical signalers in the regulation of plant growth 
and development. They usually bind to receivers in the plant and start a series of cell 
changes that can affect the initiation or modification of organ or tissue development. 
Plant height retardants are usually antagonistic to gibberellins and act by modifying 
their metabolism (Rodrigues et al., 2003) and for this reason they are frequently called 
antigibberellins (Espindula et al, 2009). Inhibiting products of gibberellin are used 
commercially to prevent lodging in some plants. In wheat, studies with chlormequat 
(Stachecki et al., 2004), trinexapac-ethyl (Zagonel et al., 2002; Matysiak, 2006) and 
presented good results in reducing plant stature. However, the product to be used as 
well as dose and application times vary with the cultivar and the culture (Espindula et 
al, 2009). 
As the most growth retardants TE acts by inhibiting gibberelin biosynthesis, 
but it inhibits gibberelin production much later in the biosynthetic pathway than CC. 
This inhibition results in a reduction in the length of those internodes that elongate 
after application, and therefore a shorter more sturdy plant (Matysiak, 2006). 
The research of Zagonel et al. in 2002 concluded that the application of 
trinexapac-ethyl resulted in short internodes, increased stem diameter, number of 
spikes m-2, and grain yield. As nitrogen rate increased, so did plant height, number of 
spikes m-2, grain weight, and grain yield. With the increase of plant density, stem 
diameter, plant dry weight and the number of grain/spike decreased; however, the 
number of spikes m-2 and grain weight increased with no detected effect on wheat 
productivity. 
Shekoofa and Emam in 2008 said that a timely application of a growth 
retardant such as CC could increase the grain yield of wheat, independently of any 
control of lodging and that the grain yield increases from CC treatment could be 
attributed to an increase in number of spikes m-2. 
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This study aimed to evaluate the effect of TE and CC on winter wheat morpho-
physiological traits such as plant height, LAI, numbers of spikes m-2, lodging and grain 
yield of three winter wheat genotypes that are tall and with a high lodging 
susceptibility. 
MATERIALS AND METHODS  
 
The field experiment was conducted during the 2018-2019 growing season at 
the experimental field of the Agricultural Research and Development Station, located 
at Turda, Romania (46°35’ N latitude and 23°47’ E longitude, 345-493 m altitude 
above sea level) on a clay Chernozem soil. 
The experimental design consists in subdivided plots in a three factorial 
experimental system. The experimental factors were: 
 PGR treatment (T) 
 Nitrogen fertilization (N) 
 Genotype (G) 
For this study were used three winter wheat genotypes: Arieşan, Apullum and 
Bezostaia. These genotypes are tall with a stem height of 120-140 cm, they have thin 
and weak stems which makes them highly sensitive to lodging. 
The wheat was sown in the first trimester of October 2018 at a seeding density 
of 550 germinating seeds per square meter. Before sowing the wheat, nitrogen and 
phosphorus fertilizers were applied in every plot at the following rates: N 50 kg ha-1 
and P 50 kg ha-1. Beside the fertilization applied in autumn N fertilization was applied 
on crop at different rates for each plot: F1 0 kg ha-1, F2 50 kg ha-1, F3 100 kg ha-1, F4 
150 kg ha-1. The N dose calculated for each plot was applied half on stem elongation 
stage and the other half at boot stage of winter wheat. 
PGR treatment included the control plots where no PGR were applied, TE 
foliar treatment at dose of 0.43 kg ha-1 and CC foliar treatment at dose of 1.35 kg ha-1. 
TE was sprayed over the foliage at stem elongation stage of winter wheat and CC at the 
end of tillering beginning of the stem elongation stage.  
Plant height was recorded at full stature as the height to the terminal spikelet 
less awns. Flag leaf was measured after the wheat head has completely emerged. LAI 
was calculated using the formula: LAI= k*L*w, where k- coefficient, L- leaf length, 
w- maximum leaf width (Chanda and Singh, 2002). Number of spikes m-2 was 
determined at the physiological maturity. At final stage of maturity grades were given 
for lodging resistance to every genotype. Winter wheat from the experimental plots 
was harvested with a Wintersteiger plot combine; each plot had 7.5 square meters. The 
yield was reported at standardized moisture 14% for winter wheat. 
Analysis of variance (ANOVA) and F Test were used to establish the effect of 
PGR treatment, nitrogen fertilization and genotype, and the interactions between these 
factors. The significance of differences between parameters means were assessed using 
Duncan's Multiple Range Test at P ≤ 0.05 level. 
The weather conditions data are presented in table 1. Temperatures during 
winter wheat vegetation period were higher in comparison with the multiannual 
average, except in May when it rains a lot so the temperature in this month was lower. 
The amount of precipitation in May was 152.4 mm with a deviation from the 
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multiannual average of +83.7 mm. After that at the end of the winter wheat vegetation 
period the last two months June and July was affected by drought.  
Table 1 
Temperatures and rainfall at Turda during winter wheat vegetation period 2018-2019 



















October 12.7 9.5 +3,2 26.8 35.6 -8,8 
November 6 3.9 +2.1 29.6 28.5 +1,1 
December -0.9 -1.4 +0,5 58.3 27.1 +31,2 
January -2.2 -3.4 +1,2 46 21.8 +24,2 
February 1.7 -0.9 +2,6 14.7 18.8 -4,1 
March 7.3 4.7 +2,6 12.3 23.6 -11,3 
April 11.3 9.9 +1,4 62.6 45.9 +16,7 
May 13.6 15 -1,4 152.4 68.7 +83,7 
June 21.8 17.9 +3,9 68.8 84.8 -16,0 
July 20.4 19.7 +0.7 35.0 77.1 -42,1 
Average 9.1 7.4 +1.7    
Total    506.5 431.9 +74.6 
 
RESULTS AND DISCUSSIONS  
 
Plant height was significantly influenced by the treatment with both PGRs. 
According to F test besides the PGR treatment also the nitrogen fertilization and 
genotype significantly influenced plant height (Table 2).  The plant height decreased 
after the PGR treatment (Kinga Matyasiak, 2006; Espindula et al, 2009). The average 
height after the PGR treatment was the smallest in case of TE treatment (105 cm) with 
a reduction of 10 cm in comparison with the control, the average height in case of CC 
treatment was 111 cm, with a reduction of only 4 cm in comparison with the control. 
Arieşan and Apullum had an average plant height of 109 cm, Bezostaia instead had an 
average height of 113 cm, which makes this genotype the taller from all three used in 
this experience. As Muntean et al shows in 2014, nitrogen fertilization plays a major 
role in the vegetative growth of winter wheat, this nutrient have a direct influence in 
the increasing plant height, our experience proves the same, as the rate of the nitrogen 
increased the plant height increase too, in F4 where the amount of N was the highest, 
average plant height was 114 cm in comparison with F1 where average plant height 
was 108 cm (Table 2). 
As showed in fig.1 the plant height of the three genotypes treated with TE 
showed a greater reduction in comparison with the ones treated with CC, but the 
differences was not the same for all cultivars. TE significantly reduced the plant height 
of all three genotypes, but CC treatment had a higher influence in reducing the plant 
height of Bezostaia, a smaller influence in reducing the plant height of Apullum and 
had no effect in reducing the plant height of Arieşan. 
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Fig.1. The influence of TE and CC treatment on plant height 
  
According to F test all the factors of the experience and the interactions 
between these factors had a significant influence on LAI and number of spikes m-2 
(Table 2). 
  Due to its positions and functional life span, the flag leaf contribution for grain 
filling of winter wheat is very important (Steliana Dobre şi Lazăr C., 2014). Both 
PGRs used significantly increased LAI, the highest value was recorded in case of CC 
treatment (24.15 cm-2), followed by the value from TE treatment (24.09 cm-2). N 
fertilization influenced LAI, the highest value of LAI was recorded in F2 where the 
amount of N applied was 100 kg ha-1, but as the rate of N increased the LAI decreased. 
From all three genotypes Arieşan had the highest LAI (25.40 cm-2), Apullum and 
Bezostaia had a similar LAI smaller than Ariesan’s (table 2). 
 The LAI of the three genotypes was increased in the plots where TE and CC 
was applied as shown in fig.2, but statistically the influence of PGR was assured for 
the LAI of Bezostaia which increased significantly in case of both PGR applied, for the 
LAI of Arieşan only where CC treatment was applied, and for the LAI of Apullum 
only where TE was applied. 
Where CC was applied the average number of spikes m-2 recorded was the 
highest (772 spikes m-2), in case of TE treatment the average number of spikes m-2 was 
also significant higher (757 spikes m-2) in comparison with the control plot, but smaller 
in comparison with the number of spikes from CC treatment (table 2). According to 
fig.3 Bezostaia genotype recorded a significantly increased number of spikes m-2 in 
case of both PGRs applied in comparison with the control plot. Number of spikes m-2 in 
case of Arieşan genotype was significantly higher where TE treatment was applied and 
a little bit smaller in case of CC treatment, but also significantly higher in comparison 
with the control plot. For Apullum genotype the treatment with TE caused a reduction 
of number of spikes m-2, but the CC treatment increased significantly the number of 
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spikes m-2 for Arieşan and Bezostaia, but CC treatment increased the number of spikes 
m-2 for all three genotypes from this experience. 
 
Fig.2. The influence of TE and CC treatment on LAI (cm-2) 
   
 
Fig.3. The influence of TE and CC treatment on number of spikes m-2 
  
It is well known that lodging is affected by many factors including wind, 
rainfall, soil, and attributes of the plant as affected by variety, sowing date, seed rate, 
nitrogen supply, PGRs etc. The effect of these factors on lodging has been very 
difficult to quantify because of the complexity of the lodging process (Berry et al., 
2002).  
Lodging in this experience according to F test was strongly influenced by 
genotype factor, and a smaller influence had the PGRs treatment and N fertilization. 
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lodging. Observation of lodging risk at the final stage of maturity was scored on a 1-7 
scale where 1 means no lodging occurs and 7 means a very high lodging risk (more 
than 80% from the field is affected by lodging). Because the end of the vegetative 
period of winter wheat was droughty, the lack of precipitations influenced the lodging 
susceptibility of these genotypes. They showed a small tendency to lodge scored with 3 
in control plot, 2 where TE was applied and 3 where CC was applied. N fertilization 
had a small influence on lodging; in F4 where the amount of N was the highest the 
score given was 3. From all three genotype used in this experience Bezostaia showed 
the highest susceptibility to lodge (table 2). 
 Grain yield was strongly influenced by N fertilization as shown by the F test, 
followed by the genotype and PGR treatment that had a small influence on yield. 
Where CC treatment was applied the average yield was the highest in comparison with 
TE treatment and control plot. As known when N fertilization rate increase, the grain 
yield increased too, in F4 the average grain yield was the highest in comparison with 
the other N rates applied. Average yield obtained by Arieşan and Apullum was similar 
and much higher than the yield of Bezostaia (table 2). 
In fig.4 according to Duncan's Multiple Range test, the yield of Arieşan and 
Bezostaia was strongly influenced by the CC treatment, the largest increase of grain 
yield was recorded by Bezostaia, 490 kg ha-1 in comparison with the control plot, 
Arieşan yield increased with 240 kg ha-1 where CC treatment was applied. The yield of 
Apullum was influenced by the both PGR applied, more by TE treatment, and also by 
CC treatment. Apullum yield increased in TE plots with 290 kg ha-1 and with 210 kg 
ha-1 where CC treatment was applied. The influence of the PGR on LAI and number of 
spikes m-2 shown in table 2 resulted in improving the yield. The results indicated that 
increased LAI and spike number resulted in the plots where TE and CC were applied, 
contributed the most to the increased grain yield. 
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Table 2 
PGR treatment, nitrogen fertilization rate and genotype effects on winter wheat morpho-
physiological characters and yield. 
















115 C 23.09 B 703 B 3 B 6060 B 
TE 105 A 24.09 A 757 A 2 A 6070 B 




F1 50 (kg ha-
1) 
108 B 24.07 A 659 B 2 A 5430 D 
F2 100 (kg 
ha-1) 
109 B 24.39 A 700 B 2 A 5940 C 
F3 150 (kg 
ha-1) 
110 B 23.01 C 797 A 2 A 6420 B 
F4 200 (kg 
ha-1) 
114 A 23.62 B 786 A 3 B 6880 A 
Genotype 
(G) 
Arieşan 109 B 25.40 A 705 C 2 A 6270 A 
Apullum 109 B 22.99 B 793 A 2 A 6260 A 
Bezostaia 113 A 22.93 B 734 B 3 B 5970 B 
F Test T 828.66*** 27.31*** 42.30*** 18.01** 9.15* 
F 11.76*** 25.33*** 101.37*** 3.80* 36.59*** 
G 27.29*** 171.52*** 67.69*** 27.16*** 6.39** 
TxF 2.31 ns 11.81*** 9.48*** 0.93 ns 2.22 ns 
TxG 6.98*** 6.33*** 15.95*** 1.20 ns 2.45 ns 
FxG 1.19 ns 25.33*** 9.83*** 8.06*** 1.20 ns 
TxFxG 1.41 ns 9.71*** 10.03*** 0.71 ns 0.69 ns 
Mean 110.3 23.77 740.6 2.4 6168 
Means followed by the same letter within a column are not significantly different according to 
Duncan's Multiple Range test (p ≤ 0.05). 
*,**,*** Significant at the 0.05, 0.01 and 0.0001 probability levels, respectively; ns: non-
significant 
CONCLUSIONS 
Because the end of the vegetative period of winter wheat in 2019 was 
droughty, the lack of precipitations influenced the lodging susceptibility of these 
genotypes, they showed a small tendency to lodge. 
The influence of the TE treatment and CC treatment on the morpho-
physiological traits studied in this experience was not the same for all the genotypes.  
Bezostaia had a similar response to the application of both PGRs, plant height 
decreased, LAI and number of spikes m-2 increased in both TE and CC treatment. 
Arieşan had a decreased plant height only in case of TE treatment, the LAI increased 
only in case of CC treatment and number of spikes m-2 increased in both TE and CC 
treatment. Apullum height decreased in both TE and CC treatment, LAI incresead in 
case of TE treatment, and number of spikes m-2 increased in case of CC treatment. 
The yield of Arieşan and Bezostaia was strongly influenced by the CC 
treatment; the largest increase of grain yield was recorded by Bezostaia, 490 kg ha-1 in 
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comparison with the control plot, Arieşan yield increased with 240 kg ha-1 where CC 
treatment was applied. The yield of Apullum was influenced by the both PGR applied, 
more by TE treatment, and also by CC treatment. Apullum yield increased in TE plots 
with 290 kg ha-1 and with 210 kg ha-1 where CC treatment was applied.  
The influence of the PGR on LAI and number of spikes m-2 resulted in 
improving the yield. The results indicated that increased LAI and spike number 
resulted in the plots where TE and CC were applied, contributed the most to the 
increased grain yield. 
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